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(57) An excitation response measurement method,
an electrical impedance tomography method, and a stor-
age medium. The excitation response measurement
method comprises the following steps: respectively ap-
plying, at the same moment, excitation currents having
different frequencies within a designated frequency
range to excitation electrode pairs (11, 12, 21, 22) of at
least two electrode belts (1, 2), and measuring a voltage
difference of a measurement electrode pair (13, 14, 23,
24) of each electrode belt (1,2) at the moment, wherein
the excitation electrode pairs (11, 12, 21, 22) are selected
from multiple electrodes (11-116, 21-2116) of the same
electrode belt (1, 2), and the measurement electrodes
(13, 14, 23, 24) are selected from electrodes (11-116,
21-2116) in the same electrode belt (1, 2) other than the
excitation electrode pairs (11, 12, 21, 22); and separating
the measured voltage differences of the measurement
electrode pairs (13, 14, 23, 24) into multiple sets of volt-
age differences respectively corresponding to the differ-
ent frequencies of the excitation currents, and using the
voltage differences as electrical impedance tomography
data.
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Description

Cross Reference to Related Applications

[0001] The present application claims the priority of the
Chinese Patent Application No. CN202010850613.X,
entitled "Excitation Response Measurement Method,
Electrical Impedance Tomography Method, and Storage
Medium", filed on August 21, 2020, which is herein in-
corporated by reference in its entirety.

Field of the Invention

[0002] The present disclosure relates to a technical
field of biomedical electrical impedance tomography, and
in particular to an excitation response measurement
method, an electrical impedance tomography method
and a storage medium.

Background of the Invention

[0003] Electrical Impedance Tomography (EIT) is a
non-invasive biomedical imaging technology utilizing the
electrical impedance characteristics of a measured or-
ganism to image. It reconstructs an electrical impedance
distribution map inside the organism by applying safe
currents to the surface of the organism and measuring
surface voltages. As the electrical impedance character-
istics differ considerably in various tissues and organs of
a human body and also change in the same tissue for
different states, the reconstructed image through the
electrical impedance tomography technology has rela-
tive high contrast, and the measured organism can be
monitored for a long time. The biomedical electrical im-
pedance tomography has advantages of high resolution,
low cost, equipment portability, no radiation and real-time
monitoring, thus it has a wide range of applications.
[0004] When the three-dimensional electrical imped-
ance tomography is performed on human bodies, exci-
tation currents conduct not only in the measurement
plane, but also in the three-dimensional space. There-
fore, it is necessary to arrange several electrode belts at
equal intervals around an imaged part (such as the
chest), with the same number of electrodes evenly or
unevenly distributed on each electrode belt. In order to
obtain measurement data needed for three-dimensional
electrical impedance image reconstruction, a sequential
excitation-measurement method is usually adopted at
present. Taking two electrode belts as an example (as
shown in Figure 1), they can be divided into an upper
electrode belt 1 and a lower electrode belt 2 based on
different wearing positions. Each electrode belt has 16
electrodes. For example, the selection of an excitation
electrode pair and a measurement electrode pair is
based on an adjacent-electrode method. Specifically, ex-
citation currents are firstly applied to the electrode 11 and
the electrode 12 of the upper electrode belt 1 to establish
a quasi-steady state current field, and the voltage differ-

ences between the electrode 13 and the electrode 14 of
the electrode belt 1 and between the electrode 23 and
the electrode 24 of the lower electrode belt 2 are then
simultaneously measured. With the excitation currents
unchanged, the corresponding measurement electrode
pairs on the upper and lower electrode belts are meas-
ured clockwise through the same method until the meas-
urement electrode pairs turn to the electrode 116 and the
electrode 115 on the electrode belt 1, and the electrode
216 and the electrode 215 on the electrode belt 2, and a
set of measurement data is obtained for the case that
the electrodes 11 and 12 are excited. Next, an adjacent
electrode pair on the electrode belt 1 is selected clock-
wise as excitation electrodes, and the above operations
are repeated until the excitation electrode pair becomes
the electrodes 11 and 116, and the measurement data
of the upper and lower electrode belts are obtained when
the upper electrode belt is excited. The same method is
adopted to excite electrode pairs on the lower electrode
belt 2. Finally, four sets of data are obtained, namely, the
measurement data of the upper electrode belt when the
upper electrode belt is excited, the measurement data of
the lower electrode belt when the upper electrode belt is
excited, the measurement data of the upper electrode
belt when the lower electrode belt is excited, and the
measurement data of the lower electrode belt when the
lower electrode belt is excited. For this method, the se-
lection of excitation electrode pairs and measurement
electrode pairs is not limited to the adjacent-electrode
method, and it is easy to be extended to the case of mul-
tiple electrode belts.
[0005] However, the conventional sequential excita-
tion-measurement method described above cannot meet
real-time measurement requirements of the three-dimen-
sional electrical impedance tomography due to single ex-
citation and the resulting long time in the measurement
process.

Summary of the Invention

[0006] The technical problem to be solved by the
present disclosure is that single excitation in the meas-
urement process is adopted in the conventional sequen-
tial excitation-measurement method, which takes a long
time and cannot meet real-time measurement require-
ments of the three-dimensional electrical impedance to-
mography.
[0007] To solve the above problem, an excitation re-
sponse measurement method, an electrical impedance
tomography method, and a storage medium is provided
in the present disclosure.
[0008] In the first aspect, a method for measuring ex-
citation response is provided in the present disclosure.
The method is applied to an electrical impedance tom-
ography device. The electrical impedance tomography
device comprises at least two electrode belts and each
electrode belt comprises multiple electrodes.
[0009] In the excitation response measurement meth-
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od, excitation currents having different frequencies within
a designated frequency range are applied at the same
moment to excitation electrode pairs of at least two elec-
trode belts respectively, and a voltage difference of a
measurement electrode pair of each electrode belt at the
moment is measured. The excitation electrode pair is se-
lected from multiple electrodes of the same electrode
belt, and the measurement electrode pair is selected from
electrodes in the same electrode belt other than the ex-
citation electrode pair. The measured voltage differences
of the measurement electrode pairs are separated into
multiple sets of voltage differences respectively corre-
sponding to the different frequencies of the excitation cur-
rents, and the multiple sets of voltage differences are
used as electrical impedance tomography data.
[0010] Preferably, a quotient value obtained by divid-
ing a difference value between an upper limit value and
a lower limit value of the designated frequency range by
the lower limit value does not exceed 20%.
[0011] Preferably, the step of applying, at the same
moment, excitation currents having different frequencies
within the designated frequency range to excitation elec-
trode pairs of at least two electrode belts respectively,
and measuring a voltage difference of a measurement
electrode pair of each electrode belt at the moment, fur-
ther comprises the following three steps:

step one, respectively selecting, from each electrode
belt, an excitation electrode pair and a corresponding
measurement electrode pair;
step two, respectively applying, at the same moment,
excitation currents having different frequencies with-
in the designated frequency range to the excitation
electrode pairs of all the electrode belts, and meas-
uring voltage differences of all the measurement
electrode pairs at the moment to obtain the voltage
differences of all the measurement electrode pairs;
and
step three, selecting, from multiple electrodes of
each electrode belt, an excitation electrode pair and
a corresponding measurement electrode pair for
multiple times according to the step one, and then
measuring the excitation electrode pair and its cor-
responding measurement electrode pair selected
each time according to step two until the selection
of the excitation electrode pair on each electrode belt
traverses all the electrodes on the electrode belt,
wherein the excitation electrode pair selected each
time is different from each other.

[0012] Preferably, the step of respectively selecting,
from each electrode belt, an excitation electrode pair and
a corresponding measurement electrode pair, further
comprises the following steps: respectively selecting,
from each electrode belt, an excitation electrode pair;
and for each selected excitation electrode pair, dividing
the electrodes, other than the excitation electrode pair,
in multiple electrodes of the electrode belt to which the

excitation electrode pair belongs, into multiple measure-
ment electrode pairs as the corresponding measurement
electrode pairs.
[0013] Preferably, an excitation electrode pair is se-
lected from each electrode belt according to any one of
an adjacent-electrode method, an opposite-electrode
method and an interdigitated-electrode method.
[0014] Preferably, the electrodes, other than the exci-
tation electrode pair, in multiple electrodes of the elec-
trode belt to which the excitation electrode pair belongs,
are divided into multiple measurement electrode pairs,
according to any one of the adjacent-electrode method,
the opposite-electrode method and the interdigitated-
electrode method.
[0015] Preferably, the excitation electrode pairs excit-
ed at the same moment on different electrode belts are
distributed in up-and-down correspondence at spatial po-
sitions around an area to be measured.
[0016] Preferably, the step of separating the measured
voltage differences of the measurement electrode pairs
into multiple sets of voltage differences respectively cor-
responding to the different frequencies of the excitation
currents, further comprises the following steps: perform-
ing discrete Fourier transform on the voltage differences
of the measurement electrode pairs to obtain frequency-
domain signals corresponding to the voltage differences;
sequentially taking, according to excitation frequencies
of different electrode belts, a midpoint value of each two
adjacent excitation frequencies as a boundary frequency
of the frequency-domain signals; separating, according
to the boundary frequency, the frequency-domain signals
corresponding to the voltage differences; and performing
inverse discrete Fourier transform on the separated fre-
quency-domain signals to obtain multiple sets of voltage
differences respectively corresponding to the different
frequencies.
[0017] In the second aspect, an electrical impedance
tomography method is provied in the present disclosure,
which comprises the following steps: obtaining electrical
impedance tomography data by the method for measur-
ing excitation response described above; and recon-
structing an electrical impedance image in an area to be
measured according to the electrical impedance tomog-
raphy data.
[0018] In the third aspect, a storage medium is provied
in the present disclosure, on which a computer program
for realizing the steps of the above method for measuring
excitation response or realizing the steps of the above
electrical impedance tomography method is stored.
[0019] In the application of the method for measuring
excitation response according to the present disclosure,
excitation currents having different frequencies within the
designated frequency range are applied at the same mo-
ment to excitation electrode pairs of at least two electrode
belts respectively, and a voltage difference of a meas-
urement electrode pair of each electrode belt at the mo-
ment is measured. The excitation electrode pair is se-
lected from multiple electrodes of the same electrode
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belt, and the measurement electrode pair is selected from
electrodes in the same electrode belt other than the ex-
citation electrode pair. The measured voltage differences
of the measurement electrode pairs are separated into
multiple sets of voltage differences respectively corre-
sponding to the different frequencies of the excitation cur-
rents, and the voltage differences are used as electrical
impedance tomography data. Thus, on the premise of
satisfying the real-time measurement of three-dimen-
sional impedance tomography, faster data acquisition
speed than that of the conventional sequential excitation-
measurement method is achieved.
[0020] Other features and advantages of the present
disclosure will be set forth in the subsequent specifica-
tion, and will become apparent in part from the specifi-
cation, or will be understood through the implementation
of the present disclosure. The objects and other advan-
tages of the present disclosure can be realized and ob-
tained by the specification, the claims and the structures
specially pointed out in the drawings.

Brief Description of the Drawings

[0021] The drawings are used to provide a further un-
derstanding of the disclosure and form a part of the spec-
ification. They are used together with the examples of
the disclosure to explain the disclosure, and do not con-
stitute restrictions on the disclosure. In the accompanying
drawing:

Figure 1 is a schematic diagram of an electrode belt
layout during a three-dimensional electrical imped-
ance tomography;
Figure 2 shows a flow chart of a method for meas-
uring excitation response according to Example 1 of
the present disclosure;
Figure 3 shows a flow chart of a method for meas-
uring excitation response according to Example 2 of
the present disclosure;
Figure 4 shows a schematic diagram of a selection
method in the electrode belt 1 according to an adja-
cent-electrode method in Example 3 of the present
disclosure;
Figure 5 shows a flow diagram of a frequency-do-
main separation in Example 3 of the present disclo-
sure;
Figure 6 shows a schematic diagram of a selection
method in electrode belts according to a first oppo-
site-electrode method in Example 3 of the present
disclosure; and
Figure 7 shows a schematic diagram of a selection
method in electrode belts according to a second op-
posite-electrode method in Example 3 of the present
disclosure.

List of the Drawing Reference Signs

[0022]

1 Upper electrode belt
2 Lower electrode belt
11-116 Electrodes in the upper electrode belt
21-216 Electrodes in the lower electrode belt
3 Current line
4 Equal potential

Detailed Description of the Embodiments

[0023] The embodiments of the present disclosure will
be described in detail below in combination with the
Drawings and Examples, so as to fully understand and
implement the realization process of how the disclosure
applies technical means to solve technical problems and
achieve technical effects. It should be noted that, all the
Examples and all the features therein of this disclosure
can be combined with each other as long as they do not
constitute conflicts, and the resulting technical solutions
are within the protection scope of this disclosure.

Example 1

[0024] In order to solve the above technical problem
in the prior art, this example of the present disclosure
provides a method for measuring excitation response.
[0025] With reference to Figure 2, the method for
measuring excitation response according to this example
can be applied to an electrical impedance tomography
device, which comprises at least two electrode belts, and
each electrode belt comprises multiple electrodes. The
method comprises the following steps S110 to S170:

S110, respectively selecting, from multiple elec-
trodes of each electrode belt, an excitation electrode
pair and a measurement electrode pair correspond-
ing to the excitation electrode pair;
S120, respectively applying, at the same moment,
excitation currents having different frequencies with-
in a designated frequency range to the excitation
electrode pairs of all the electrode belts, and meas-
uring voltage differences of all the measurement
electrode pairs at the same moment to obtain the
voltage differences of all the measurement electrode
pairs;
S130, determining whether the selection of the ex-
citation electrode pair on each electrode belt travers-
es all the electrodes on the electrode belt: if yes,
performing step S140; if not, selecting, from multiple
electrodes of each electrode belt, a new excitation
electrode pair and a corresponding measurement
electrode pair, and returning to step S120;
S140, performing discrete Fourier transform on the
voltage differences of all the measurement electrode
pairs at different moments to obtain frequency-do-
main signals corresponding to the voltage differenc-
es;
S150, sequentially taking, according to excitation
frequencies of different electrode belts, a midpoint
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value of each two adjacent excitation frequencies as
a boundary frequency of the frequency-domain sig-
nals;
S160, separating, according to the boundary fre-
quency, the frequency-domain signals correspond-
ing to the voltage differences; and
S170, performing inverse discrete Fourier transform
on the separated frequency-domain signals to obtain
multiple sets of voltage differences respectively cor-
responding to different frequencies, and using the
multiple sets of voltage differences as electrical im-
pedance tomography data.

[0026] In step S110, a quotient value obtained by di-
viding a difference value between an upper limit value
and a lower limit value of the designated frequency range
by the lower limit value does not exceed 20%.
[0027] In step S110, the excitation electrode pairs ex-
cited at the same moment on different electrode belts are
distributed in up-and-down correspondence at spatial po-
sitions around an area to be measured.
[0028] In the method for measuring excitation re-
sponse according to this example, excitation currents
having different frequencies within the designated fre-
quency range are applied to the excitation electrode pairs
of all the electrode belts at the same moment. In other
words, several excitation currents having similar but dif-
ferent frequencies are used to excite each electrode belt
at the same moment, and each electrode belt corre-
sponds to an excitation current with one frequency. Com-
pared with the conventional sequential excitation-meas-
urement method, where one electrode belt is excited at
a time, all the electrode belts are simultaneously excited
in the method of this example, so that the excitation ef-
ficiency is improved. The voltage differences of all the
measurement electrode pairs are measured at the same
moment of excitation, that is, in each measurement, not
only multiple electrode belts are excited at the same mo-
ment but also the electrodes on the multiple electrode
belts are measured at the same moment, so as to im-
prove the measurement efficiency.
[0029] In the method for measuring excitation re-
sponse according to this example, the discrete Fourier
transform is used to transform the measurement data
into the frequency-domain signals, the frequency-do-
main signals are separated according to the different ex-
citation frequencies, and the inverse discrete Fourier
transform is then performed to obtain the measurement
data of each electrode belt during single frequency exci-
tation of the conventional sequential excitation-measure-
ment method. Therefore, the method for measuring ex-
citation response according to this example can ensure
the same measurement data as that of the conventional
sequential excitation-measurement method, and greatly
improve the efficiency of measurement data.

Example 2

[0030] In order to solve the above technical problem
in the prior art, this example of the present disclosure
provides a method for measuring excitation response
based on Example 1, and improves step S 110 in Exam-
ple 1.
[0031] With reference to Figure 3, the method for
measuring excitation response according to this example
comprises the following steps S211 to S270:

S211, selecting, from each electrode belt, an exci-
tation electrode pair;
S212, for each selected excitation electrode pair, di-
viding the electrodes, other than the excitation elec-
trode pair, in multiple electrodes of the electrode belt
to which the excitation electrode pair belongs, into
multiple measurement electrode pairs as the meas-
urement electrode pairs corresponding to the exci-
tation electrode pair;
S220, respectively applying, at the same moment,
excitation currents having different frequencies with-
in a designated frequency range to excitation elec-
trode pairs of all the electrode belts, and measuring
voltage differences of all the measurement electrode
pairs at the same moment to obtain the voltage dif-
ferences of all the measurement electrode pairs;
S230, determining whether the selection of the ex-
citation electrode pair on each electrode belt travers-
es all the electrodes on the electrode belt: if yes,
performing step S240; if not, selecting, from multiple
electrodes of each electrode belt, a new excitation
electrode pair and corresponding measurement
electrode pairs, and returning to step S220;
S240, performing discrete Fourier transform on the
voltage differences of all the measurement electrode
pairs at different moments to obtain frequency-do-
main signals corresponding to the voltage differenc-
es;
S250, sequentially taking, according to excitation
frequencies of different electrode belts, a midpoint
value of each two adjacent excitation frequencies as
a boundary frequency of the frequency-domain sig-
nals;
S260, separating, according to the boundary fre-
quency, the frequency-domain signals correspond-
ing to the voltage differences; and
S270, performing inverse discrete Fourier transform
on the separated frequency-domain signals to obtain
multiple sets of voltage differences respectively cor-
responding to different frequencies, and using the
multiple sets of voltage differences as electrical im-
pedance tomography data.

[0032] In step S211, an excitation electrode pair is se-
lected from each electrode belt according to any one of
an adjacent-electrode method, an opposite-electrode
method and an interdigitated-electrode method.
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[0033] In step S212, the electrodes, other than the ex-
citation electrode pair, in multiple electrodes of the elec-
trode belt to which the excitation electrode pair belongs,
are divided into multiple measurement electrode pairs,
according to any one of the adjacent-electrode method,
the opposite-electrode method and the interdigitated-
electrode method.

Example 3

[0034] In order to solve the above technical problem
in the prior art, the method for measuring excitation re-
sponse provided in Example 2 is applied to the scene of
three-dimensional electrical impedance tomography of
human bodies in this example of the present disclosure.
[0035] The method for measuring excitation response
according to this example comprises two steps, namely,
data acquisition and frequency-domain separation.
[0036] Specifically, when the three-dimensional elec-
trical impedance tomography is conducted on human
bodies, several electrode belts (such as 2 belts) are dis-
tributed at equal intervals around the part to be measured
(such as the chest), with the same number of electrodes
(such as 16 electrodes) evenly or unevenly distributed
on each electrode belt. In the data acquisition stage, ex-
citation currents, with the number equal to that of elec-
trode belts and having similar but different frequencies,
are respectively applied to an excitation electrode pair of
each electrode belt, and the spatial positions of excitation
electrode pairs on the electrode belts are in up-and-down
correspondence. Then, the voltage differences on all the
electrode pairs, other than the excitation electrode pair,
on each electrode belt are measured clockwise or coun-
terclockwise with a certain rule at the same moment, so
as to obtain the measurement data of each electrode belt
when an electrode pair is excited. Then, other electrode
pairs on the electrode belt are sequentially selected
clockwise or counterclockwise with a certain rule as the
excitation electrodes. The above steps are repeated until
all electrode pairs meeting the rule have been used as
the excitement electrode pair, so as to obtain the meas-
urement data of each electrode belt under simultaneous
multi-frequency excitation. In the above steps, the selec-
tion rules of the excitation electrode pair and the meas-
urement electrode pair comprise but are not limited to
the adjacent-electrode method, the opposite-electrode
method and the interdigitated-electrode method.
[0037] Human bodies can be regarded as a linear sys-
tem, whose response to the excitation meets the homo-
geneity, when the three-dimensional electrical imped-
ance tomography is performed on their relevant parts.
Therefore, the data measured on each electrode belt in
the above data acquisition stage is the result of the com-
bined action of all excitation currents, that is, the meas-
ured data of each electrode belt is the sum of the meas-
ured signals having several frequencies. Thus, in the fre-
quency-domain separation stage, discrete Fourier trans-
form is first performed on the measured data of each

electrode belt to obtain its corresponding frequency spec-
trum. Then, according to the preset excitation frequency,
a midpoint value of each two adjacent frequencies is se-
quentially taken as a boundary frequency of frequency-
domain signals. Then, the frequency-domain signals
having different frequencies are separated according to
the boundary frequency. Finally, the inverse discrete
Fourier transform is performed on the separated frequen-
cy-domain signals to obtain the measured data of each
electrode belt under single frequency excitation. In the
above steps, n sets of data measured on n electrode
belts are separated into n^2 sets of data, and the amount
of data is the same as that obtained by the sequential
excitation-measurement method using single excitation.
Since the frequency of each excitation current used in
this method is similar, it can be approximately considered
that the impedance of the measured parts does not
change with the frequency, such that the data obtained
by this method are equivalent to the measurement data
obtained by the sequential excitation-measurement
method using single excitation.
[0038] Compared with the sequential excitation-meas-
urement method using single excitation, on the premise
of the same data amount obtained, the method for meas-
uring excitation response provided in this example can
increase the measurement speed by n times when n elec-
trode belts are used.
[0039] The method for measuring excitation response
according to this example is explained in more detail by
the following embodiment. In this embodiment, an elec-
trical impedance tomography device comprises two elec-
trode belts, and each one comprises 16 electrodes.
Based on different spatial positions, the two electrode
belts can be divided into the upper electrode belt 1 and
the lower electrode belt 2 (as shown in Figure 1). During
excitation, 10kHz and 12kHz excitation currents are used
to excite and measure the two electrode belts, respec-
tively. The adjacent-electrode method is used to select
the excitation electrode pairs and the measurement elec-
trode pairs, as shown in Figure 4.
[0040] In the data acquisition stage, a 10 kHz excitation
current is applied to the electrode 11 and the electrode
12 of the electrode belt 1, and a 12 kHz excitation current
is applied to the electrode 21 and the electrode 22 of the
electrode belt 2 at the same moment to establish a quasi-
steady state current field. Then, the voltage differences
between the electrode 13 and the electrode 14 of the
electrode belt 1 and between the electrode 23 and the
electrode 24 of the electrode belt 2 are simultaneously
measured. The voltage differences between adjacent
electrode pairs other than the excitation electrode pairs
on the two electrode belts are sequentially measured
clockwise, until the measurement electrode pairs turn to
the electrodes 115 and 116 of the electrode belt 1, and
the electrodes 215 and 216 of the electrode belt 2. Thus,
the measurement data when an electrode pair is excited
is obtained. Then, the next adjacent electrode pair is se-
lected along a clockwise direction as the excitation elec-
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trodes, namely, the electrode 12 and the electrode 13 as
well as the electrode 22 and the electrode 23, and the
voltage differences of the remaining electrode pairs are
measured. The above operation is repeated until all ad-
jacent electrode pairs have been used as excitation elec-
trode pairs for measurement. Finally, a set of measure-
ment data under simultaneous dual-frequency excitation
can be obtained for each electrode belt.
[0041] In the frequency-domain separation stage, the
discrete Fourier transform is performed on the two sets
of measurement data respectively to obtain the corre-
sponding frequency-domain signals. With 11 kHz taken
as a separation frequency, two frequency signals are
separated in the frequency-domain. Finally, the inverse
discrete Fourier transform is performed on the separated
frequency-domain signals to obtain the measurement
data under single frequency excitation. Figure 5 shows
a flow diagram of frequency-domain separation. It can
be seen that the measurement data of each electrode
belt can be separated into two sets of measurement data
under single frequency excitation, that is, four sets of
measurement data are finally obtained, namely, the
measurement data of the upper electrode belt when the
upper electrode belt is excited, the measurement data of
the upper electrode belt when the lower electrode belt is
excited, the measurement data of the lower electrode
belt when the lower electrode belt is excited, and the
measurement data of the lower electrode belt when the
upper electrode belt is excited.
[0042] The method for measuring excitation response
according to this example overcomes the time-consum-
ing defect of the conventional sequential excitation-
measurement method, and is the one that can quickly
excite and measure the target to be measured. This
method can obtain the same amount of measurement
data as that of the conventional sequential excitation-
measurement method, and can significantly improve the
measurement speed, so as to meet the requirements of
real-time tomography.
[0043] In practical application, in addition to the adja-
cent-electrode method, the opposite-electrode method
or the interdigitated-electrode method can be used to se-
lect an excitation electrode pair and a measurement elec-
trode pair.
[0044] Specifically, it is taken into account in the adja-
cent-electrode method that impedance differences in all
directions in the tomographic plane are relatively small.
To simplify the calculation, it can be assumed that the
impedance is isotropic, so the internal information reflect-
ed remains the same when the excitation-measurement
electrode pairs are interchanged. For example, the infor-
mation obtained by measuring the voltage between the
electrodes 3 and 4 under the excitation of the electrodes
1 and 2 is equivalent to that obtained by measuring the
voltage between the electrodes 1 and 2 under the exci-
tation of the electrodes 3 and 4, therefore, the measure-
ment will not be repeated. For an N-electrode EIT system,
a total of "N 3 (N-3)" boundary voltages can be collected.

According to the reciprocity principle, the actual number
of independent measurements is "M=N3(N-3)/2"+
[0045] Generally speaking, there are two kinds of op-
posite-electrode methods. The first one is as follows: ex-
citation currents are injected through two radially oppo-
site electrodes to establish a sensitivity field, and the volt-
ages of other adjacent electrode pairs are measured in
turn; then, the next opposite electrode pair is turned to
for excitation, and the voltages of other adjacent, non-
excitation electrode pairs are measured. The above proc-
ess is repeated until all adjacent electrode pairs rotate
for one turn, as shown in Figure 6. The actual number of
independent measurements is "M=N 3 (3N/2-1)/4" when
the adjacent data acquisition mode is adopted. The sec-
ond one is as follows: excitation currents are injected
through any two radially opposite electrodes, and one
electrode adjacent to the excitation electrode pair is used
as the voltage reference to measure the voltages of other
electrodes other than the excitation electrodes, as shown
in Figure 7. For an N-electrode system, the number of
independent measurements in this mode is "M=N3(N-
3)/2".
[0046] The interdigitated-electrode method is as fol-
lows: excitation currents are injected through two rela-
tively distant electrodes to obtain a more uniform current
distribution; one electrode adjacent to the excitation elec-
trode pair is used as the voltage reference to measure
the voltages of other electrodes other than the excitation
electrodes. Taking a 16-electrode system as an example,
first, the electrodes 1 and 2 are selected for the reference
of excitation currents and measurement voltages, and
the electrode 3 is used as an excitation electrode to
measure the voltages of other electrodes relative to the
electrode 2, and 13 measured values are obtained. Then,
the electrodes 5, 7, 9, 11, 13 and 15 are taken as exci-
tation electrodes, the voltages of other electrodes relative
to the electrode 2 are measured respectively, and " 13
3 7=91" measured values are obtained in total. Then the
electrodes 4 and 3 are selected respectively for the ref-
erence of excitation currents and measurement voltages,
and the electrode 6 is used as the excitation electrode
to measure the voltages of other electrodes relative to
the electrode 3, and 13 measured values are obtained.
Then, the electrodes 8, 10, 12, 14, 16 and 2 are taken
as excitation electrodes respectively, to measure the volt-
ages of other electrodes relative to the electrode 3, and
" 13 3 7=91" measured values are further obtained. Only
104 of the 182 measured values are independent of each
other.
[0047] As the hardware system and the measurement
method are relatively simple, the adjacent electrode ex-
citation and opposite electrode excitation modes become
the most commonly used methods. More measurement
data can be obtained by the adjacent-electrode method,
but currents are mainly concentrated near electrodes,
and the current is distributed and concentrated on one
side of the excitation electrodes. The more electrodes
there are, the more obvious this situation is. When the
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opposite-electrode excitation is used, it can be seen from
the equipotential line distribution map that due to the ge-
ometric symmetry of the model, the equipotential lines
will overlap, only half as much as those of the adjacent
electrode excitation, thereby greatly reducing the tomo-
graphic resolution. The interdigitated-electrode method,
having slightly complicated electrode conversion, is less
sensitive than the adjacent electrode at the edge of a
tomographic target, but is more sensitive in the whole
area.
[0048] In fact, in addition to an adjacent-electrode ex-
citation mode, an opposite-electrode excitation mode
and an interdigitated-electrode excitation mode, there
are many excitation measurement methods, such as an
adaptive method, a two-electrode method, a diagonal
mode, a conduction boundary mode, a multiple reference
mode, a linear array mode, etc.

Example 4

[0049] In order to solve the above technical problem
in the prior art, this example of the present disclosure
further provides an electrical impedance tomography
method.
[0050] In the electrical impedance tomography method
of this example, the electrical impedance tomography
data are obtained according to the above method for
measuring excitation response; and an electrical imped-
ance image in an area to be measured is reconstructed
according to the electrical impedance tomography data.
[0051] The electrical impedance tomography data of
this example are obtained by exciting and measuring dif-
ferent cross sections of a measured object through mul-
tiple electrode belts of the electrical impedance tomog-
raphy device. The excitement and measurement com-
prise two stages: data acquisition and data processing.
In the data acquisition stage, the electrical impedance
tomography device simultaneously applies excitation
currents on the electrode pairs at the corresponding po-
sitions of each electrode belt to establish a quasi-steady
state current field, the frequencies of the excitation cur-
rents applied on different electrode belts are similar but
different. At the same moment, the voltage differences
of other electrode pairs on each electrode belt are meas-
ured sequentially and recorded. In the data processing
stage, the discrete Fourier transform is performed on the
data collected on each electrode belt respectively, and
the signals are separated in the frequency-domain, there-
by obtaining the same amount of measurement data as
that of the conventional sequential excitation-measure-
ment method using single excitation. Compared with the
conventional excitation measurement method, this meth-
od can realize the excitation and measurement of multi-
ple electrode belts during the time that one electrode belt
is excited to acquire data by the conventional excitation-
measurement method. Thus, the data acquisition speed
is increased by multiple times, which can meet the re-
quirements of real-time measurement of the three-di-

mensional electrical impedance tomography.

Example 5

[0052] In order to solve the above technical problem
in the prior art, this example of the present disclosure
further provides a storage medium.
[0053] A computer program for realizing the steps of
the above method for measuring excitation response or
realizing the steps of the above electrical impedance to-
mography method is stored on the storage medium of
this example.
[0054] Although the embodiments disclosed in the
present disclosure are as above, the contents are only
embodiments adopted to facilitate the understanding of
the present disclosure and are not intended to limit the
present disclosure. Those skilled in the technical field of
the present disclosure may make any modification and
change in the form and details of the implementation with-
out deviating from the spirit and scope of this disclosure.
However, the protection scope of the present disclosure
shall still be defined in the attached claims.

Claims

1. A method for measuring excitation response, applied
to an electrical impedance tomography device,
wherein the electrical impedance tomography de-
vice comprises at least two electrode belts and each
electrode belt comprises multiple electrodes, the
method comprising the following steps:

applying, at the same moment, excitation cur-
rents having different frequencies within a des-
ignated frequency range to excitation electrode
pairs of the at least two electrode belts respec-
tively, and measuring a voltage difference of a
measurement electrode pair of each electrode
belt at the moment, wherein the excitation elec-
trode pair is selected from multiple electrodes
of the same electrode belt, and the measure-
ment electrode pair is selected from electrodes
in the same electrode belt other than the exci-
tation electrode pair; and
separating the measured voltage differences of
the measurement electrode pairs into multiple
sets of voltage differences respectively corre-
sponding to the different frequencies of the ex-
citation currents, and using the multiple sets of
voltage differences as electrical impedance to-
mography data.

2. The method according to claim 1, wherein a quotient
value obtained by dividing a difference value be-
tween an upper limit value and a lower limit value of
the designated frequency range by the lower limit
value does not exceed 20%.
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3. The method according to claim 1, wherein the step
of applying, at the same moment, excitation currents
having different frequencies within a designated fre-
quency range to excitation electrode pairs of the at
least two electrode belts respectively, and measur-
ing a voltage difference of a measurement electrode
pair of each electrode belt at the moment, further
comprises the following steps:

step one, selecting, from each electrode belt, an
excitation electrode pair and a corresponding
measurement electrode pair respectively;
step two, respectively applying, at the same mo-
ment, excitation currents having different fre-
quencies within the designated frequency range
to the excitation electrode pairs of all the elec-
trode belts, and measuring voltage differences
of all the measurement electrode pairs at the
moment to obtain the voltage differences of all
the measurement electrode pairs; and
step three, selecting, from multiple electrodes
of each electrode belt, a excitation electrode pair
and a corresponding measurement electrode
pair for multiple times according to step one, and
then measuring the excitation electrode pairs
and the corresponding measurement electrode
pairs selected each time according to step two,
until the selection of the excitation electrode pair
on each electrode belt traverses all the elec-
trodes on the electrode belt, wherein the excita-
tion electrode pair selected each time is different
from each other.

4. The method according to claim 3, wherein the step
of selecting, from each electrode belt, an excitation
electrode pair and a corresponding measurement
electrode pair respectively, further comprises the fol-
lowing steps:

respectively selecting, from each electrode belt,
an excitation electrode pair; and
for each selected excitation electrode pair, di-
viding the electrodes, other than the excitation
electrode pair, in multiple electrodes of the elec-
trode belt to which the excitation electrode pair
belongs, into multiple measurement electrode
pairs as the corresponding measurement elec-
trode pairs.

5. The method according to claim 4, wherein the exci-
tation electrode pair is respectively selected from
each electrode belt according to any one of an ad-
jacent-electrode method, an opposite-electrode
method and an interdigitated-electrode method.

6. The method according to claim 4, wherein, the elec-
trodes, other than the excitation electrode pair, in
multiple electrodes of the electrode belt to which the

excitation electrode pair belongs, are divided into
multiple measurement electrode pairs, according to
any one of an adjacent-electrode method, an oppo-
site-electrode method and an interdigitated-elec-
trode method.

7. The method according to claim 3, further comprising
the following steps:
distributing excitation electrode pairs on different
electrode belts that are excited at the same moment,
in up-and-down correspondence at spatial positions
around an area to be measured.

8. The method according to claim 1, wherein the step
of separating the measured voltage differences of
the measurement electrode pairs into multiple sets
of voltage differences respectively corresponding to
the different frequencies of the excitation currents,
further comprises the following steps:

performing discrete Fourier transform on the
voltage differences of the measurement elec-
trode pairs to obtain frequency-domain signals
corresponding to the voltage differences;
sequentially taking, according to excitation fre-
quencies of different electrode belts, a midpoint
value of each two adjacent excitation frequen-
cies as a boundary frequency of the frequency-
domain signals;
separating, according to the boundary frequen-
cy, the frequency-domain signals correspond-
ing to the voltage differences; and
performing inverse discrete Fourier transform
on the separated frequency-domain signals to
obtain multiple sets of voltage differences re-
spectively corresponding to the different fre-
quencies.

9. An electrical impedance tomography method, com-
prising the following steps:

obtaining electrical impedance tomography da-
ta by the method for measuring excitation re-
sponse according to any one of claims 1 to 8; and
reconstructing an electrical impedance image
inside an area to be measured according to the
electrical impedance tomography data.

10. A storage medium, on which a computer program is
stored for realizing the steps of the method for meas-
uring excitation response according to any one of
claims 1 to 8, or realizing the steps of the electrical
impedance tomography method according to claim
9.
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